Despite increased rates of hospice use, many studies have reported that patients are enrolled too late (less than 30 days before death) to receive the maximum benefits of hospice services (Christakis and Escarce 1996; Christakis 1998; Christakis and Iwashyna 2000; U. S. General Accounting Office 2000; Huskamp et al. 2001; Lynn 2001; Chen et al. 2003; McCarthy et al. 2003 ). Short stays are problematic for three reasons. First, symptom management is often difficult to achieve over a short term. Second, families may not fully benefit from the support and bereavement services that are available from hospice providers. Third, short stays can affect hospice agencies' financial viability (Christakis and Escarce 1996; Christakis 1998; Christakis and Iwashyna 2000; Lynn 2001; Huskamp et al. 2001) , since short lengths of service use are composed mainly of the most intensive and expensive phases (the first and last few days) of care.
In 1995, the U.S. Department of Health and Human Services (DHHS) implemented the Operation Restore Trust (ORT) initiative to reduce errors and systematic fraud and abuse in benefits for home health care, hospice care, skilled nursing facilities, and direct medical education provided through the Medicare and Medicaid programs. In 1995 and 1996, the Office of the Inspector General (OIG) of the DHHS investigated the eligibility status of Medicare beneficiaries receiving hospice care. The ORT initiative and the OIG scrutiny of beneficiary eligibility may have contributed to the trend in later referrals and shorter length of hospice service use (U.S.
To determine whether these two well-publicized initiatives targeted at hospice care in the mid-1990s had an impact on length of hospice service use, it is critical to analyze the lengths of service use of U.S. hospice populations over the course of the 1990s. However, none of the existing studies was able to examine the history of the length of service use for U.S. hospice populations. Most of the existing hospice studies use either Medicare data (Christakis and Escarce 1996; Mc-Carthy et al. 2003; Christakis and Iwashyna 2000; U.S. GAO 2000; Huskamp et al. 2001) or local area data (Travis et al. 2002; Robinson et al. 2002; Chen et al. 2003) to examine length of hospice service use. Generalizing the results from local or Medicare data to the entire U.S. hospice population can be misleading due to geographical variations (Levy, Fish, and Kramer 2004) and a finding by the 2000 National Home and Hospice Care Survey (NHHCS) (Haupt 2003) , revealing that only 79% of discharged hospice patients had Medicare as their primary payment source. 1 Moreover, although the NHHCSs are nationally representative surveys of home health and hospice agencies and their current and discharged patients (Haupt 2003) , studies that have used the NHHCS data for estimating length of hospice service use only examined discharged patient data (Kutner, Blake, and Meyer 2002; Haupt 2003) . This strategy underestimates length of service use because discharged patient samples overrepresent patients with short lengths of service use, which is a well-known statistical phenomenon called length-biased sampling (Cox 1967) .
Thus, using the Kaplan-Meier method, this study was able to correct the estimation errors related to length-based sampling and to examine length of service use among both current patients and discharged patients from the 1992 to 2000 NHHCS data. We then used a multivariate Cox proportional hazards model to examine the national trends in length of hospice service use. By analyzing the length of hospice service use over the 1990s with the nationally representative data and the appropriate methods, this study could investigate whether the findings from the earlier studies remained the same. Most importantly, this study was able to determine whether the ORT initiative and the OIG scrutiny of beneficiary eligibility in the mid-1990s had an impact on length of hospice service use of U.S. hospice populations.
Data and Methods
Our study examined 19,383 adult hospice (both current and discharged) patients from the 1992, 1994, 1996, 1998, and 2000 NHHCS. Each survey was conducted from September to December of the survey year by the National Center for Health Statistics (NCHS). The sample design for the NHHCSs was a stratified, two-stage probability design. The first stage selected a stratified sample of agencies that provide hospice services. Each agency was placed into one of 24 strata based on type of agency (home health agencies, hospices, and mixed agencies), metropolitan statistical area (MSA), and region (Northeast, Midwest, South, and West). The second stage systematically selected six current patients and six discharged patients within each sampled agency. The sampling frames for current patients included lists of patients enrolled in hospice at the time of the surveys. The sampling frames for discharged patients included hospice patients discharged during the 12 months prior to the day the survey was done in each sampled agency. NHHCS data were obtained by personally interviewing an agency staff person who was familiar with the medical record of the sampled patient and who referred to the patient's medical and other records. We were able to use the NCHS in-house NHHCS data files.
Our study assessed length of service use among patients with the following characteristics: age at hospice admission (18-49, 50-64, 65-74, 75-84, !85) ; gender; race/ethnicity; payment sources at admission; residence during hospice care (house/apartment, inpatient facility, or other places); the number of activities of daily living (ADLs, such as bathing, dressing, eating, transferring in or out of beds or chairs, walking, and using the toilet room) and instrumental ADLs (IADLs, such as doing light housework, managing money, shopping for groceries or clothes, using the telephone, preparing meals, and taking medications) for which hospice staff provided assistance during the last 30 days/since admission; hospice referral source (physician, hospital, self/ family, or other); three admission diagnoses (cancer, congestive heart failure, and chronic obstructive pulmonary disease [COPD]); agency ownership (for-profit, not-for-profit, or other); and MSA and non-MSA status.
The 1992 to 1996 surveys allowed for only 
Statistical Analyses
For each survey, we calculated the number of days when a patient was enrolled in hospice (for discharged patients, subtracting admission date from discharge date; for current patients, subtracting admission date from survey interview date). We then created a variable indicating censoring status (censored observations or events) for these analyses. Current patients and discharged patients who moved out of an area or changed agencies were treated as censored observations. The other discharged patients (those who were hospitalized, placed in a nursing home, stabilized, or who died) were treated as events. We used the Kaplan-Meier method to estimate length of service use among patients with various characteristics in 1992, 1994, 1996, 1998, and 2000 . For each category of patient characteristic across years, we employed an unadjusted Cox proportional hazards model to test the overall trend in lengths of hospice service use over the examined years.
A multivariate Cox proportional hazards model was developed to examine the trends in length of service use among adult hospice patients over years after controlling for covariates and to identify factors independently associated with length of hospice service use. 2 The entire sets of analyses were conducted using SAS callable SUDAAN (Shah, Barnwell, and Bieler 2004) to adjust for the complex sampling design of the NHHCS.
Results
Figure 1 demonstrates how examining only current hospice patients overestimates length of hospice service use and how examining only discharged hospice patients underestimates length of use. We employed the Kaplan-Meier method to examine length of hospice service use for both current and discharged hospice patients simultaneously, which corrected these estimation errors due to length-biased sampling. Our results show that the median length of service use among U.S. adult hospice patients decreased from 39 days in 1994 to 24 days in 2000. Table 1 presents significant changes in the distribution of adult hospice patient characteristics over the years. Highlights include: the percentage of hospice patients age 85 and older almost doubled from 14% in 1992 to 26% in 2000. The percentage of non-Hispanic blacks doubled during this period. The payment source distribution also varied with years: the percentage of hospice patients with Medicare-only payment source in 1996 was 20% lower than that in 1992, 1998, or 2000 . The percentage of noncancer hospice patients in 2000 was nearly twice that in 1992. The percentage of patients with HIV/AIDS decreased significantly, from 3.3% to 1.4% in 2000. The percentage of patients with Alzheimer's disease or dementia increased significantly, from .5% in 1992 to 3.9% in 2000. The percentage of patients receiving hospice care at inpatient facilities (nursing homes, hospitals, etc.) increased more than threefold, from 10% in 1992 to 33% in 2000. The percentage of care being provided by for-profit hospices increased from 7% in 1992 to 17% in 2000. The average number of ADLs for which hospice staff assisted patients also increased over the studied years. Table 2 shows the unadjusted median and interquartile range (the range from the 25 th to the 75 th percentile) of length of hospice service use. The results from the unadjusted Cox proportional hazards model clearly indicate that there was an overall decline in the length of hospice service use between 1992 and 2000. Median length of service use among patients ages 75 to 84 at admission decreased from 53 days in 1994 to 27 days in 2000. Median length of service use among patients with a Medicare-only payment source decreased from 43 days in 1992 to 26 days in 1996 and to 27 days in 2000. Table 3 presents the results of the multivariate Cox proportional hazards model. An adjusted hazard ratio greater than 1 is associated with a higher risk of having a shorter length of hospice service use. Confirming the unadjusted results, overall length of service use declined: length of service use decreased significantly in 1996 , 1998 compared to 1992 was similar between 1996 and 2000 (additional analyses not shown with year 1996 as the reference group). Age was associated with length of service use, which was longer among patients ages 75 to 84 than among patients ages 65 to 74. Male patients had shorter lengths of service use than female patients. Length of hospice use among patients at inpatient facilities was shorter than that among patients at home. Length of hospice use among cancer patients was shorter than that among noncancer patients. People needing more ADL assistance by hospice staff had longer lengths of hospice use. Length of service use was shorter for patients referred by hospitals than for patients referred by physicians. Patients receiving care from hospices that were located in MSAs had shorter lengths of service use than patients getting care in non-MSA hospices.
Discussion
Our study used five waves of nationally representative hospice data to examine length of hospice service use among U.S. adult patients between 1992 and 2000. We used the Kaplan-Meier method and examined both current hospice patients and discharged hospice patients simultaneouslya strategy that corrected estimation errors due to length-biased sampling. Our results demonstrate that although length of service use declined significantly in 1996, 1998, and 2000 compared to 1992 , it was similar between 1996 and 2000. Major trends and their implications are discussed subsequently.
Our study provides evidence that median length of hospice service use significantly declined among patients referred by physicians, from 39 days in 1994 to 34 days in 1996 to 28 days in 2000; among patients referred by hospitals, service use declined from 25 days in 1994 to 24 days in 1996 to 16 days in 2000. Previous studies (U.S. GAO 2000; Huskamp et al. 2001 ) have documented the decline in length of hospice service use among Medicare patients. Our study reveals that between 1992 and 2000, length of service use among patients with a Medicare-only payment source decreased significantly, but it did not significantly change among patients with Medicare plus Medicaid coverage or among patients with Medicare plus private health insurance.
Consistent with previous studies (U.S. GAO 2000; Haupt 2003) , our results demonstrate that noncancer patients were more commonly enrolled in hospice over the last decade. If this pattern continues, hospice agencies may face new challenges in caring for patients with a wide variety of diagnoses (e.g., end-stage dementia) other than cancer. Among cancer patients, length of service use declined significantly between 1992 and 2000. This trend may indicate that recent improvements in cancer treatments prompt some patients to pursue new curative options until shortly before death, resulting in shorter lengths of hospice service use. Concurrently, oncology teams also may feel better prepared to provide effective palliation and symptom management for longer periods of time than in earlier years.
Our results provide further evidence that hospice patients receiving care in inpatient facilities (nursing homes, hospitals, etc.) are more likely to have shorter lengths of hospice service use than those receiving care at home, which is consistent with previous studies (Miller et al. 2003; Levy, Fish, and Kramer 2004) . Moreover, our results reveal that the percentage of adult hospice patients who received care at inpatient facilities jumped from 11% in 1992 to more than 35% in 2000. This trend could be driven by several factors, such as increasing numbers of nursing home hospice patients, the lack of primary caregivers at home, and increasing levels of intensity in hospice care over the years. More research is needed to explore this phenomenon and to assess how patients/families and hospice agencies are affected by this trend.
One previous study (Christakis and Iwashyna 2000) reported that between 1991 and 1993 patients ages 75 to 84 were enrolled in hospice at an earlier stage than patients ages 65 to 74. Our study confirms this finding and offers further evidence suggesting this pattern continued throughout the last decade, even though length of service use among hospice patients ages 75 to 84 declined significantly during this period. Our results also reveal that the adult hospice population in such as behavioral problems and extreme impairments associated with dementia. Christakis and Escarce (1996) indicated that differences between men and women in home and family circumstances, education, income, marital status, and health services may explain the gender-related variations in length of hospice service use. Consistent with results from previous studies (Christakis and Escarce 1996; Christakis Source: 1992 Source: , 1994 Source: , 1996 Source: , 1998 Source: , 2000 1992, 1994, 1996, 1998, and 2000) and Iwashyna 2000; Robinson et al. 2002 ), our study also shows that women tend to use hospice services for longer periods than men. Our multivariate results demonstrate that race was not associated with length of service use in the 1990s. This may suggest a change over the course of the decade. Using the Medicare claim data from 1991 and 1992, Christakis and Iwashyna (2000) reported that nonwhite Medicare patients enrolled in hospice services earlier than their white counterparts. More research is needed to examine systematically the association between race and length of hospice service use. Christakis and Iwashyna (2000) also reported that in 1991/1992, receiving care from a proprietary hospice agency was associated with late hospice enrollment among Medicare patients (who also may have other payment sources). However, our multivariate results indicate that length of service use among hospice patients receiving care from for-profit and not-for-profit hospices was similar between 1992 and 2000. We conducted additional analyses (results not shown) to explore this issue and found that for patients with Medicare as their only payment source, agency ownership was not associated with length of hospice service use. More research is needed to examine the relationship between agency ownership and length of hospice service use among patients with different payment sources.
Consistent with Christakis and Iwashyna (2000) , we found length of use among patients receiving services from MSA hospices was shorter than that among patients receiving services from non-MSA hospices between 1992 and 2000. The availability of advanced medical resources in metropolitan areas may enable patients in MSAs to choose curative treatments until shortly before death. It is also possible that patients in non-MSA areas may lack access to more advanced treatments or give up these treatments earlier than MSA patients. Two previous studies also reported that the hospice use rate was higher among patients located in MSAs compared to non-MSAs (Virnig et al. 2000; Virnig et al. 2004) . Future studies are needed to better under- Notes: An adjusted hazard ratio greater than 1.0 is associated with a higher risk of having a shorter length of hospice service use. 95% confidence intervals are in parentheses.
stand differences in hospice use among patients located in metropolitan and nonmetropolitan areas. Length of hospice service use is influenced by many factors, such as physician preferences and practices, technology advancement, patient choices, public awareness of palliative and hospice care, and government and regulatory influences. More studies are necessary to determine how the trends in length of hospice service use affect the care and benefits received by hospice patients and their families over time.
Notes

